These have been deduced from hydrological and geochemical tracer (nutrients and chlorofluorocarbons) data sets from CITHER 1 (W L'Atalante, January-March 1993), ETAMBOT 1 (W Le Noroit, September-October 1995), and ETAMBOT 2 (Wv Edwin Link, April-May 1996) cruises. Both the AAIW and U C P W enter, on the isopycnals Oe = 27.25 (676 -I 36 dbar) and Oe = 27.40 (919 f 35 dbar), respectively, the equatorial belt as narrow, northwestward flows around the northeast tip of Brazil near 5"s. During transit within this zone the core properties of UCPW erode more than those of AAIW. Flow patterns of both the water masses show westward spreading and eastward recirculations on either side of the equator. Temporal variations in spreading and recirculation occur at both levels, but they are more pronounced at the A A I W level, in agreement with earlier observations in the upper layers. At the northern boundary of the equatorial belt (7'30") the AATW flows along the western boundary while the UCPW, instead, recirculates into the interior of the ocean.
Introduction
In the conveyor belt model of the world ocean thermohaline circulation, the export of cold North Atlantic Deep Water (NADW) is balanced by an import of warm waters from the upper layers, including the intermediate waters [Gordon, 1986; Riiitoul, 1991; Gol-doit et al., 19921 . In the Atlantic the major intermediate water mass is the Antarctic Intermediate Water (AAIW), of subantarctic origin and flowing northward [Wrist, 19351. Conversion of intermediate water into warmer thermocline water at the equatorial crossing is probably the reason for its northward transport within the upper limb of the thermohaline cell in the North Atlantic [Schlnitz aiid Richardson, 19911 , --~148-0227/~9/1999JC900123$09.00
/I = 1 I complex exchanges between the intermediate waters and the overlying warm waters, on one hand, and the underlying cold waters, on the other hand, occur mainly in the western equatorial Atlantic. However, notwithstanding the importance of the intermediate water to the thermohaline circulation between the North and South Atlantic Oceans, this layer, except for a few recent studies [Suga and Talley, 1995; Bub and Brown, 19961 , has received little attention. The northward spreading AAIW can be traced by its salinity minimum accompanied by a high-oxygen anomaly [Wrist, 19351. The oxygen maximum disappears as it meets the strong oxygen minimum characteristic of the equatorial zone [Reid, 19891. Just beneath the salinity minimum in the lower part of the intermediate layer there is a potential temperature minimum that has been identified by Reid [ 19891 as the signature of the Upper Circumpolar Water (UCPW). Thus the AAIW and UCPW constitute the deepest layer of the relatively warm Atlantic waters. The equatorial circulation within this layer, lying approximately between 500 and 1200 m, differs from that of the overlying South Atlantic Central Water layer [Stramma arid Schott, 19961 . The trajectories of the floats at 800 m depth in the study of Richardson arid Schmitz [1993] also reveal the complex pathways of the water masses in the westem tropical Atlantic. Nevertheless, in the equatorial Atlantic, the AAIW and UCPW are often treated as a single layer [Strainma and Schott, 19961 , and even now the circulation of UCPW has not been differentiated from that of the AAIW. For example, Tsucliyia et al. [ 19941 consider the temperature minimum and the associated silicate maximum north of 21"s as the lower boundary of the AAIW rather than the northward extension of the UCPW silicate twice, together with a new short intemal section (Oo, 45" W to 8"30'N, 41"W; Figure lb) , during the ETAMBOT 1 (SeptemberOctober 1995) and ETAMBOT 2 (April-May 1996) cruises. The ETAMBOT program was designed to investigate temporal variations in a region where a large variability of the circulation is well known from the surface layer and suspected at depth. It completes, at the intermediate water level, the recent Westem Tropical Atlantic Experiment (WESTRAX) surveys [Bub and Brown, 19961 between 12-14"N and 44"W and Meteor surveys [Schott et al., 1995, 19981 between 10"s and W W . Thus, using the CITHER 1 and ETAMBOT data sets, this paper documents the circulation pattems of AAIW and UCPW in the western equatorial Atlantic and the temporal variability expected in the intermediate layer. This is in consonance with the seasonal variations observed in the upper layers during WESTRAX 
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[ Browrr et al., 1992; Boiwlès et al., 19991, France WOCE (Bourlès et al., this issue] , and Germany WOCE projects [Straininn aiid Schott, 19961 and predicted by numerical models [Schott arid Börzirig, 1991; Didderi and Schott, 19921 . This paper presents, in sequence, the following: the data set, the characteristic properties of AAIW and UCPW at their sources and in the equatorial region, and the relative proportions of both these intermediate water masses, their pathways, and temporal variations in them at the latter site. The interpretation of the results is strengthened with data from simultaneous acoustic Doppler current profiler (ADCP) current measurements and/or vertical oscillations of the isopycnal surfaces, in addition to the historical data sets.
Data Set and Methods
To recapitulate, the data used in this paper were obtained during the CITHER 1 (lUV L'Atalaizte, January-March 1993), ETAMBOT 1 (WV Le Noroit, September-October 1995), and ETAMBOT 2 (WV Edwiii Link, April-May 1996) cruises ( Figure  1 ). About 75% of the stations occupied during the ETAMBOT cruises were duplicates of the western Atlantic CITHER 1 stations (joined by a solid line in Figure la) . Within the western equatorial Atlantic a short oblique section, from O", 45"W to 8"30'N, 41 "W, across the Ceara Rise (hereinafter referred to as the Ceara section) was also occupied during the ETAMBOT cruises (Figure 1 b) .
Methods of data acquisition from CTD02 casts and onboard laboratory analyses for other geochemical tracers [Aiidrié et al., 1998; Arlzarz et al., 1998; Oudot et al., 19981 were the same in all three cruises, except that the depths sampled in a single hydrocast during the ETAMBOT cruises were 22, compared with 32 in the CITHER 1 cruise, with the remaining space in the 24-bottle rosette (General OceaniaTM) used for the mounting of a lowered ADCP (LADCP) current profiler [Bozirlès et al., this issue; Gouriou et al., this issue] . However, the vertical resolution at the deepest stations (depth >4000 m) during the ETAMBOT cruises was increased by resorting to double hydrocasts, covering a total of 28 depths.
The precisions (1 standard deviation) for temperature and salinity measurements, both from CTD profiles and of discrete samples, were 0.005"C and 0.003, respectively. The precision of dissolved oxygen measurements with the sensor (1.5 pmol kg-', i.e., 0.034 mL L' I) was not as good as that from Winkler analyses (0.5 pmol kg-', i.e. 0.011 mL LI). Analytical precision for nutrients, calculated from measurements of more than 70 duplicate samples and at seven test (all bottles fired at a predetermined depth) stations (three stations in ETAMBOT 1 and four in ETAMBOT 2), 0.2 pmol kg-' for silicate, 0.1 pmol kg-' for nitrate, and 0.02 pmol kg-' for phosphate, was the same as in the CITHER 1 cruise. Phosphate data from all three cruises also confirmed the underestimate of the CITHER 1 results (about 0.03 pmol kg-'), compared with the historical data [Oudot arid Baurand, 19941, Details of analytical methods and precision (~1 % ) for the measurements of the transient tracers CFC-11 and CFC-12 are reported elsewhere in this special section [Arzdrié et al., this issue] . Though both CFC-11 and CFC-12 were measmed at all stations, only the data on CFC-11 are reported here. This choice was dictated by the facts that one of the intermediate waters is characterized by law CFC concentrations and the analytical precision obtained with CFC-11, more soluble than the other, was better.
Ship-mounted ADCP (SADCP) profiles were obtained along the tracks of all three cruises, but only in the CITHER 1 cruise did the SADCP profiles reach the depth of the intermediate waters [Gouriou et al., 19941 . The uncertainty in the mean SADCP profiles was of the order of 3 cm sh1 [Bourlès et al., this issue] . During both ETAMBOT cruises it was planned to obtain LADCP profiles from surface to bottom at each hydrographic station, but only 33 such profiles along the 7'30" section during the first leg of ETAMBOT 1 could be obtained [Chuchla et al, 1997a, b] . During ETAMBOT 2, however, LADCP profiles were obtained at all hydrographic stations (89 profiles). The difficulties in the evaluation of the precision of LADCP measurements are discussed by GoLiriou et al. [this issue] .
In the present study the potential temperature and geochemical tracer concentrations at the core isopycnal surfaces (00 = 27.25 and 27.40, respectively) of AAIW (salinity and oxygen) and UCPW (potential temperature and silicate) were obtained from linear interpolation of the discrete data.
Characterization of AAIW and UCPW
These two .intermediate water masses originate from different source areas and acquire hydrographic and geochemical properties that enable a clear differentiation between the two at the start.
Sources of AAIW and UCPW in the Southern Ocean
The AAIW forms in the Subantarctic Front region (45"s) and propagates northward into the South Atlantic as a low-salinity, oxygenated and CFC-enriched tongue, below the thermocline layer, at between 500-and 1000-dbar pressures [Wiist, 1935; Reid, 1989; Gordon et al., 1992; Warner arid Weiss, 1992; Tsuchiya et al., 1994 ; Siga arid Talley, 19951. Talley [1996] distinguishes two types of AAIW, both formed by pycnostad subduction: one is produced west of Drake Passage and enters the South Atlantic within the Antarctic Circumpolar Current and the other is produced east of Drake Passage, in the confluence of the Falkland and Brazil Currents [see Maarnaatuaiakutapu et al., this issue] . The transport of AAIW in the South Atlantic is mostly driven by the anticyclonic subtropical gyre and the AAIW flow crosses the equator along the western boundary [Wiist, 1935; Reid, 1989 Reid, , 1994 ; Wdrrzer arid Boebel et al., 1997; Larqué et al., 19971. Suga arid Talley [1995] also identify two eastward extending, low-salinity branches of AAIW on either side (3-4"s and 1-2"N) of the equator.
A silicate maximum has often been considered as indicative of the presence of AAIW in the North Atlantic [Wiist, 1935; Metcalf, 1969; Maizii et al., 1973; Tsuclziya, 1989; Tsuclziya et al., 19921 . However, in the South Atlantic, this silicate maximum, lying near the 1000-dbar pressure level [Reid, 19891 and traceable southward up to the Polar Front (50"s) [Tsuchiya et al., 19941, clearly characterizes the UCPW that lies below AAIW. The coincidence of the silicate maximum along with the temperatureoxygen minimum led Reid [1989] to hypothesize that the UCPW originates from a source different from the oxygen-rich surface layer source of AAIW. The UCPW, unlike the AAIW, which originates in silicon-poor surface waters, derives its high silicon content from an admixture of silica-rich Pacific and Antarctic waters [Talley, 19961 . The deep water origin of UCPW is also evident in the association of a CFC-11 minimum with the UCPW core, identifiable by an oxygen minimum layer between the AAIW and the upper NADW (UNADW) at 19"s in the Brazil Basin [Wallace el al., 19941. However, farther north, the UCPW progressively loses. as it meets the overlying oxygen-poor and phosphate-rich equatorial water, the identity of its nonconservative characteristics (oxygen and nutrients), retaining only the silicate maximum that can be traced in the North Atlantic. The equatorial water is less enriched in silicon than the southem water, because silicate-utilizing organisms are far less abundant in the tropics than in polar waters; the southern silicate maximum hence does not merge with the equatorial one, as occurs with the phosphate maximum.
Identification of AAIW Near the Equator
The AAIW becomes clearly distinguishable as a vertical salinity minimum ( Figure 2a ) and oxygen maximum (Figure 2b [Reid, 1989; Warrier and Weiss, 1992; Tsuclziya et al., 19941 , and that (Oe = 27.30) used by Suga a i d Talley [1995] in the subequatorial gyre. The decline in the prominence of the oxygen maximum north of the equator (Figure 2e ) would thus be due to the mixing of AAIW, as it crosses the equator, with the strong oxygen minimum of the equatorial zone [Reid, 19891. The slight bulges in the CFC profiles (Figures 2b and 2e ) at around 600-700 dbar are clearly related to the oxygen maximum. This feature is indicative of the recent ventilation of AAIW and agrees with similar conclusions drawn by Warner arid , who traced the spreading of AAIW as far as the equator, and by Roetlzer arid Putzka [1996] , within the South Atlantic, using this transient tracer.
Identification of UCPW Near the Equator
Tsclzuj~a et al.
[ 19941 assign a density of Oe = 27.40 to UCPW north of 20°S, the same as the density of circumpolar water at the sea surface in winter [Reid, 19891. At the southern edge of the equatorial belt (near 5's) this density layer lies beneath the AAIW layer and near the 1000-dbar level. Both south and north of the equator, the temperature minimum and silicate maximum, characteristic of the UCPW, also become clearly distinct (about 200-300 dbar deeper) from the salinity minimum and dissolved oxygen maximum that characterize the AAIW (Figure 2 ). The phosphate (Figures 2a and 2d ) and nitrate (not shown) maxima were also located exactly at the depth of the silicate maximum on the western boundary [see also Oudot et al., 19981. The lowest CFC concentrations (< 0.02 pmol kg-') near the core of the UCPW (Figure 2 ) indicate the poor ventilation of an old water mass, in contrast with the recently ventilated overlying AAIW and underlying UNADW [ Aizdrié et al., 19981 . The striking feature in the CFC-11 profile in the southem transect is the coincidence of the CFC minimum with the lower oxygen minimum layer, both of which lie at a slightly deeper [about 200 dbar) and denser (oe = 27.55) layer than the silicate and temperature extremes ( 0 8 = 27.40) (Figures 2b and 2c) . North of the equator, the CFC minimum and the temperature-silicate extremes lie at the same depth and density layer (1000 dbar and 27.40 Oe) (Figures 2e and 20 . This northward shoaling corresponds to the erosion downstream of the UCPW minimum by the underlying CFC-rich UNADW flowing from the north [Andrié et al., 19981 . The same feature, erosion of the CFC minimum of the UCPW and its shoaling toward north, has also been recognized farther south in the Atlantic [Roetlzer and Putzka, 19961 . A combination of geochemical (nutrients) and transient (CFC) tracers thus enable a clear differentiation of AAIW and UCPW in the equatorial Atlantic, in spite of the proximity of their levels and poor vertical extension.
AAIW Circulation
Circulation of AAIW in the western equatorial Atlantic was examined on the Oe = 27.25 isopycnal. Within the western Atlantic delimited by the two CITHERl transects and the 35"W section, this density layer lies at a mean depth of 676 +36 dbar. In the northwestern tropical Atlantic, B~i b and Brown [ 19961 locate this density layer at approximately 700 m.
AAIW Arrival Along the Western Boundary
The low-salinity (< 34.4) and high-oxygen content (> 195 pmol kg-', i.e., 4.4 mL LI) [Arliarz et al., 1g981, accompanied by high CFC concentrations (CFC-Il > 0.3 pmol kg-') and a pronounced nutrient mifiimum (phosphate < 2.1 pmol kg-' and nitrate < 30 pmol kg-') [Oudot et al., 19981 in the southem CITHER 1 transect (Figure 3) , herald the entry of AAIW on the western boundary of the equatorial belt [see also Schott et ,d., 19951 . The similarity between the tracer (salinity, oxygen, phosphate, and CFC) concentrations at the westernmost stations of the 5' s section and the southernmost stations of the 35"W section (Figure 3) clearly shows the westward continuity of AAIW along the northern coast of Brazil as a narrow flow (< 100 km from the coast) during CITHER 1 (January-February 1993).
The distribution of the tracers along the 5"s section (Figures 3b and 3c) also shows another narrow northward flow, with eroded AAIW characteristics, at about 220,km offshore (33"W). f i e reversal of the Oe = 27.25 isopycnal slope between 100 and 300 km ( Figure 3a) suggests a southward flow between these two northward flows.
Along 35"W the tracer concentrations change progressively but not monotonously, toward the north and less rapidly than at 5"s at equal distances from the coast (Figure 3) . The, tracer extremes (minima of salinitylphosphate and maxima of OxygedCFC) at about 2'30's (250 km offshofe) along the 350W section signify an eastward recirculation flow of AÁIW (see Figure 5 ) that enters the western equatorial basin as a coästal flow along Brazil. The northward deepening of the Oe , = 27.25 isopycnal betweed 100 and 300 km along 35"W also confirms the presence of an eastward AAIW flow. It is unlikely that the tracer extremes at 35"W, 2'30's represent a westward extension of ;he offshore 'AAIW flow at 5"s and 33'W, since the oxygen-CFC concentrations here are higher and widespread than at 5"S,, 33"W. Consequently, the offshore branch of northward AAIW flow observed at 5"S, 33"W would rather turn eastward downstream and join the eastward AAIW flow identified along 35"W in a southem equatorial branch, as suggested earlier by the circulation map of Reid [1989] at 800 dbar and described farther eastward (25"W) by Suga arzd Talley [1995] .
Variability of AAIW Circulation Pathways
The spreading of AAIW in the. westem equatorial region was traced using the S-02 relationship, supported by ADCP current measurements when available and vertical oscillations of the isopycnal surface, indicative of the geostrophic flow directionb, when the latter are not available. Following the water mass analysis of Wilson et al. [1994] , a S-Op diagram, combining data on the Ge = 27.25 isopycnal from all stations in the three cruises ( Figure 41 , was constructed. This was done to show that, irrespective of the cruise, the S-02 characteristics on this isopycnal lie roughly along a liné connecting two points representing the extreme S-O2 characteristics encountered at the boundaries of the study area. The end-member A corresponds to the lowest salinity (34.38) and highest oxygen content (195 pmol kg-') characteristics of AAIW transported by the lower part of the o . Figures 5 and 91) . The intermediate water on 27.25 (se is thus considered to have resulted from a mixing process between these two end-members. The large scatter of points during ETAMBOT 1 is due to the poor vertical resolution of sampling between 500 and 1000 dbar in that cruise and the consequent uncertainties in the interpolation on the isopycnal surface. westwardlsouthward) do not always agree with the direction of the flows deduced from the slope of the isopycnal; ADCP velocities are instantaneous current measurements that can be affected by local gyres, whereas the slope of the isopycnal results from an adjustment to the geostrophic flow on a larger scale. The percentage of A arriving wedged along the Brazilian continental slope region during CITHER 1 was substantially higher, by about 30%, than during both ETAMBOT cruises ( Figure 5 ), obviously related to the high westward velocity measured at that time. During ETAMBOT 1 (summer-fall 1995), the highest A percentage was at 2"30'Ss, away from the Brazilian coast; the reversal of the isopycnal slope at 2'30's at this time indicates a westward flow, unlike the eastward flows observed during CITHER 1 and ETAMBOT 2, which were undertaken in winter-spring. The northward decline in the percentage of A along 35"W is not continuous but is interrupted at 250 km (around 2"30'S), 650-750 km (1-2"N), and 1100-1200 km (6-7"N), indicating eastward recirculation limbs. The bulges are more pronounced during CITHER 1 and ETAMBOT 2 than during ETAMBOT 1, suggesting that the eastward recirculations are less vigorous during the latter period; nevertheless, at 7"30'N, the percentage of A is clearly higher during ETAMBOT 1 than during CITHER 1 and ETAMBOT 2. Besides these, a feature that is remarkable in the distribution of the percentage of A is its intercruise stability (50 to 55%) within the westward flow at the equator ( Figure 5 ), called the Equatorial Intermediate Current (EIC) at that depth [Schott et al., 1995 [Schott et al., , 1998 Couriou et al., this issue] , 'in contrast with the seasonal variability of the EIC transport, minimum in June and maximum in November, observed by Schott et al. (1998) .
The LADCP measurements (ETAMBOT 2) and the poleward deepening of the 27.25 (38 surface (ETAMBOT 1) in the Ceara section ( Figure 6 ) show that the coastal flow is westward. A comparison of the percentage of A between the two ETAMBOT cruises (Figure 6 ) shows that it is higher (> 60%) and more spread out (over 300 km) at the southern edge during ETAMBOT 1 than during ETAMBOT 2 (only 55% and 200 km). This westward extension of more southern water during ETAMBOT 1 is related to a diminished eastward recirculation north of the equator along 35"W (see above). Farther north, other Farther north and west, the percentage of A becomes highly variable along the 7' 30" section ( Figure 7 ), but, in general, tends to decrease away from the coast. Nevertheless, the highest percentage of A (>45%) in the CITHER 1 section was not inshore but at 600 km, which would probably explain why Arhan et al. [1998] did not identify any trace of a boundary current at the AAIW level. On the other hand, during ETAMBOT 1, the percentage of A tended to increase on the eastern edge (east of 40"W). Maximum percentages of A were generally associated with northward flows and the minimum, with southward flows, as measured with the acoustic current profiler (SADCP during the CITHER 1 cruise and LADCP during both ETAMBOT cruises) (Figure 7 , left). 
UCPW Circulation
Apart from the CFC minimum, the temperature minimum and silica maximum are the visible signatures of the UCPW floN (see above), both of which can be clearly seen on the oe = 27.40 isopycnal (Figures 2c and 20 South of the equator, southward deepening of the isopycnal corresponds to westward geostrophic currents and the northward deepening corresponds to eastward geostrophic currents. North of the equator, northward deepening of the isopycnal corresponds to westward geostrophic currents and the southward deepening corresponds to eastward geostrophic currents.
UCPW Arrival Along the western Boundary
The distribution of temperature and silicate on the 27.40 Ge surface along 5"s ( Figures Sa and 8b) show that UCPW, like AAIW, enters the equatorial belt as a narrow, northward flow (see the westward deepening of the isopycnal, Figure Sa) wedged around the eastern tip of Brazil and as another northward flow at 300 km offshore (about 32"W) [Arhan et al., 1998; Oudor et al., 19981. However, several differences in the tracer properties and their changes between UCPW and AAIW can be seen. In the first instance the offshore northward flow of UCPW retains the temperature and silicate signatures as clearly as in the coastal flow, whereas that of the AAIW has substantially eroded core properties. In the second the increase in temperature from < 3.9'C to > 4.1"C and decrease in silicate from > 36 ymol kg-' to < 34 ymol kg-] (Figures 8c and 8d1 , however, show that the core properties of UCPW, unlike AAIW, are heavily eroded during its transit between the western end of the 5"s section and the southem end of the 35"W section. In the last, again unlike AAIW, the oxygen and CFC concentrations on the Oe = 27.40 100 ,
I
Etambot 1 80 Ceara surface do not show clear changes along the coast, except for a small downstream increase in CFC-11 (not shown here), owing to the mixing with the overlying (AAIW) and underlying (UNADW) CFC-enriched layers.
Variability of UCPW Circulation Pathways
The flow pathways of UCPW were traced using a temperaturesilicate mixing diagram (Figure 9) , as was done with the oxygensalinity diagram for AAIW. The end-member C denotes the southem water issued from the UCPW (temperature, 3.9'C; silicate, 35.2 ymol kg"), and the end-member D denotes the northerrí water derived from NADW (temperature, 5.4"C; silicate, 25.2 ymol kg-'). The tracer concentrations of the end-member waters were selected from the ETAMBOT 1 data.
Figures 10 (Figure 5) , the largest anomalies were in the CITHER 1 section. Taking the >50% of C as indicative of a predominance of the southem water, the spread of the latter during ETAMBOT 1, except for a high percentage observed at 50 km offshore, is less (<750 km) compared with that (>lo00 km) during CITHER 1 and ETAMBOT 2 (Figure 10 ). Using this same index, it can be seen that the southem water spreads farther offshore also along the Ceara section (Figure 11 ) during ETAMBOT 2 than during ETAMBOT 1, indicating a certain continuity of the circulation pattern over this longitudinal range (35"W -45"W). Nevertheless, on the 27.40 oe. the association of anomalies of the southem water fraction with eastward recirculations (see LADCP velocity during ETAMBOT 2) is not as regular as it was on the The interesting feature along the 7'30" section is that the variability of the percentage of C between the three cruise periods (Figure 12 ) is substantially high, compared with that of A on Oe = 27.25 (Figure 7) . The highest percentage of southern water (>50%) on the UCPW density level occurs far from the continental shelf, beyond 500 km during CITHER 1 and ETAMBOT 2 and as far away as 1800 km offshore during ETAMBOT 1, with no clear trend of decrease with distance offshore, as was seen on the AAIW density surface; in fact, the percentage of C during ETAMBOT 1 appears to increase offshore east of 50"W. In most cases, maximum values of the C percentage are associated with northward flows, as indicated by eastward deepening of the 27.40 csR isopycnal or positive LADCP velocity, and the minimum values are associated with the southward flows.
27.25 08.
Discussion and Summary
Although the AAIW and UCPW lié close to each other, the depth interval between these two water masses is still significant and is comparable with the vertical scale of the velocity structure of the deep equatorial currents (200-300 m) within the same depth range (500-1000 m) [Goririou et al., this issue] ; it is therefore not surprising to find significant differences in the circulation pattems between them. In fact, the high-resolution circulation model of Bailing arid Schott [I9931 predicts zonal currents above and below 700-900 m depth, flowing in opposite directions and changing their directions seasonally. While our results generally conform with these predictions, their quantitative extents are constrained by uncertainties in the definition of core tracer values of representative end-member water masses. The chosen end-members are neither pure water types nor can their tracer concentrations be expected to be invariant over time; a +1 pmol kg-' uncertainty in silicate or a +6 pmol kg" difference in dissolved oxygen content, for instance, can produce +5 % variation in the proportion of southern water at any one point. The dispersion of points around the mixing line, especially on Oe = 27.40, does, in fact, suggest a certain degree of interference from other water masses and diapycnal mixing.
Nevertheless, this approach, combining hydrographic (temperature, salinity) and geochemical tracers (oxygen, silicate), is still useful in identifying the prominent pathways of water masses of southem origin at these density levels.
Both AAIW and UCPW enter the western equatorial basin as narrow northwestward flows ( 4 0 0 km) wedged against the continental slope around Cape San Roque (eastern Brazil). Farther away from Cape San Roque, the characteristics of UCPW become more eroded than those of AAIW, indicating a larger mixing of the former with surrounding waters. Two other narrow, northward flows along 5"s off the continental shelf, one at 220 km (33"W) from the continent on the AAIW level and another at 300 km (32"W) on the UCPW level, also become evident. The steeper slope of the 08 = 27.40 isopycnal (eastward deepening between 34"W and 32"W), compared with that of Oe = 27.25 (from 34"W to 33"W) (Figures 3a and 8a ), suggests.a stronger southward flow, probably related to the underlying southward flow of NADW, that could shift the northward offshore branch of UCPW farther away from the continent. Our results show that, at both levels, the northward offshore branch does not flow continuously westward but appears, rather, to have eastward deviations, conforming with the flow pattern proposed by Reid [1989] at 800 dbar on the westem boundary just south of the equator. At 35"W the main westward flow of AAIW is relatively far away from the continental slope (about 200 km), particularly in late summer 1995 (ETAMBOT 1) ( Figure 5 ), whereas that of UCPW remains, in each cruise, closer to the coast (Figure lo) . Moreover, the prominent signatures of AAIW and UCPW reaching 35"W do not appear during the same cruise: the AAIW signatures were prominent during CITHER 1, and those of UCPW were prominent during ETAMBOT 1.
The strength and pathway of AAIW flow spreading northwestward beyond the Cape San Roque undergo seasonal changes. The discontinuities in the meridional decrease of the percentage of southern water A on 27.25 08 away from the coast along 35"W are more pronounced during CITHER 1 (winter) and ETAMBOT 2 (spring) than during ETAMBOT 1 (late summer) ( Figure 5 ), suggesting that eastward recirculations on both sides of the equator (as far as 5"N) are more prominent during the former periods. However, the percentage of A was higher farther westward (45"W), indicating a wider spread along the southem edge of the Ceara section, and also northward (6"N) at 35"W during ETAMBOT 1 than during ETAMBOT 2 and CITHER 1. These variations suggest that the eastward recirculation of southem water occurs farther westward (through the Ceara section) and then northward (north of 5"N at 35"W) during ETAMBOT 1 (late summer) than during the other two cruises (winter and spring). This finding is consistent with the seasonal variability shown previously east of 44"W [Schott et al., , 1998 Strainina arid Schott, 1996) and that deduced for the NECC [Richardson arzd Reverdin, 1987; Richardson et al, 19921 in upper layers, according to which, the NECC in summer is mainly fed by southern water through the NBC retroflection. Such a seasonal variation is not as pronounced at the UCPW level (Figures 10 and 11) .
The distributions of the A and C percentages of the southern component water along the 7'30" section show that the pathways of AAIW and UCPW north of the equatorial belt are quite different. Regardless of the season, the percentage of AAIW-derived water decreases significantly from the coast to the east along this section (Figure 7) , while that of UCPW-derived water, though highly variable within a season, remains high at the eastern extremity, near 35"W (Figure 12 ). At this latitude the AAIW-derived water flows along the westem boundary while the UCPW-derived water spreads, instead, toward the interior of the ocean. Besides this, short-term variations in the fraction of the water of southern origin, of the order of a month, could also occur at the AAIW level than at the UCPW level. For example, in the 30-day period between the start and the end of the ETAMBOT 2 cruise, the percentage of southern water on the Oe = 27.25 level off French Guyana increased, concurrent with the reversal of the. westernmost flow, from 35% to >50% (Figure 13 ). However, within the same period, the percentage of C at Oe = 27.40 remained more or less constant (40% k 5%) (Figure 13 ), even though there was also a reversal of currents at this density level but in a direction opposite of that in the AAIW layer ( Figure 13 ). This observation suggests that short-term variability is confined to the coastal flow, but as repeat observations were made only during ETAMBOT 2, it would be difficult to state whether this also occurs in other seasons.
Our observations thus confirm that the northward paths of the AAIW and UCPW carried by the NBUC around the comer of the 
